A risk assessment study on work-related musculoskeletal disorders in a tertiary hospital, Chennai, India Background: Healthcare profession is known to be at high risk for work related musculoskeletal disorders (WMSDs). It is estimated that almost one-third of all cases of sick leave among healthcare workers are related to WMSDs. Many studies are conducted, which measured the variety of factors across a range of occupations at different levels of risk. However, relation of current exposure to the risk of developing WMSDs is indeed an area to be looked into. Hence, the current study evaluated current exposure and risk of developing WMSDs among different groups of healthcare professionals. Materials and Methods: This was a cross-sectional exposure-risk assessment study, conducted on 140 healthcare professionals, including dentists, laboratory technicians, nurses, physicians and physiotherapists of various clinical departments in a tertiary care hospital in Chennai, India from January to June 2013. Face-to-face interviews and observational analysis of various job tasks were employed. Different combinations of validated and standardized questionnaires were used for collecting different types of data. Results: The exposure and risk assessment on occurrence of WMSDs indicates that nurses are at the highest risk for developing WMSDs, followed by dentists and physiotherapists whereas laboratory technicians and physicians have the least. Among the participants who reported MSDs pain, more than half of the cases were related to work. Conclusion: Among all the healthcare professions, nurses were found to be the high risk group, whereas physicians were found to be the low risk group. We recommend that education, awareness, and training programs on prevention and coping strategies for MSDs be made mandatory for healthcare professionals.
INTRODUCTION
Work-related musculoskeletal disorders (WMSDs) are responsible for morbidity in many working populations and are known as an important occupational problem with increasing compensation and health costs, reduced productivity, and lower quality of life. [1] WMSDs are reported to signifi cantly impact on quality of life, cause lost work time or absenteeism, increase work restriction, transfer to another job, [2, 3] or disability than any other group of diseases [4] [5] [6] with a considerable economic toll on the individual, the organization and the society as a whole. [7] In recent years, many studies have been conducted to provide the basis for the risk assessment of the development of WMSDs, [8] which have measured the levels of a variety of factors across a range of occupations at different levels of risk, and investigated the associations with the incidence or prevalence of MSDs for the populations concerned, [9, 10] but the association between current exposure and risk of developing WMSDs, is indeed an issue to be looked into.
Healthcare profession is known to be at high risk for WMSDs. [11] [12] [13] It is estimated that almost one-third of all cases of sick leave among healthcare workers are related to MSDs. [14] It appears that even in developed countries WMSDs are under-reported among healthcare providers. [15] It is much neglected in developing countries. India has been battling traditional public health problems like communicable diseases, malnutrition and inadequate medical care, which are fuelled by fast-growing population, apart from the occupational health problems. [16] MSD is one of the major occupational health problems in India and estimates have shown that it contributes to about 40% of all costs towards the treatment of work-related injuries. [17] However, these healthcare professionals, particularly those who are in direct contact with patients, are reported to be vulnerable to acquire MSDs during the course of their work routine. [18, 19] These MSDs are reported to be a costly occupational malady among healthcare workers. [20] Most of the previous studies on WMSDs among healthcare workers were limited to any one of the professional groups such as nurses, physical therapists, dentists etc. The current study compared the prevalence and distribution of WMSDs among fi ve different groups of healthcare professionals working in a tertiary-care hospital in Chennai, India, and also evaluated current exposure and risk of developing WMSDs.
MATERIALS AND METHODS
This was a cross-sectional exposure-risk assessment study, conducted among the healthcare professionals of various clinical departments of a tertiary health-care hospital in Chennai. A nonprobability sampling as convenient to the investigators was employed among dentists, laboratory technicians, nurses, physicians and physiotherapists and ethical clearance was obtained from the Institutional Ethical Committee.
In all the above-mentioned categories, clinicians and clinician-cumacademicians with willingness to take part in the study were included, and those with current trauma and those who refused to participate were excluded. As a result, a total of 140 healthcare professionals were recruited for the study.
Face-to-face interviews as well observational analysis of various job tasks were employed. Different sets of validated and standardized questionnaires were used for collecting different types of data, specifi c to each professional group. Section-A is a general questionnaire on details of demography, medical and occupational history, diet pattern, lifestyle and personal habits. It also includes questions to determine if the symptoms were workrelated. Section-B is a questionnaire that gathers information about workstation and nature of various job tasks. Section-C is Quick Exposure Check (QEC), an observational method used to assess the level of exposure to ergonomic risks. It gives ordinal scores based on both subjective and objective observations. QEC assesses the back, shoulder/arm, wrist/hand, and neck. The ratings are weighted into scores and added up to summary scores for different body parts and the exposure is assigned an ordinal score between 1 and 4 corresponding to low, moderate, high and very high level respectively. [21, 22] Section-D is rapid entire body assessment (REBA) worksheet, an easy-to-use postural analysis tool that gives a quick and logical assessment of risks for WMSDs that may involve the whole body. It provides a suitable method that can be used in healthcare sector and other service industries. [23] REBA provides 5 action levels for estimating the risk level. These action levels starting from 0 to 4 correspond to negligible, low, moderate, high and very high levels of risk respectively. [24] Section-E is the nordic musculoskeletal questionnaire (NMQ), a standardized screening and surveillance tool to fi nd out the body regions affected by musculoskeletal symptoms. In this study, it was used to identify the high risk group for different body regions.
Data descriptive were derived. Univariate analysis compared the demographic variables of the participants with work-related factors. Ergonomic hazards, exposure and risks among the different subgroups were analyzed using independent sample t-test for continuous variables, that is, age, height, weight, etc., and Chi-square test was used for analyzing nominal or ordinal variables, that is, sex, smoking habit, etc. Multivariate analysis was conducted on various predictors of MSDs. The results were considered to be signifi cant if P ≤ 0.05. The data analysis was carried out using the software R version 3.0.1. [25] 
RESULTS
The mean ± standard deviation of age, height, weight and body mass index of all respondents were 32.5 ± 8.1 years, 1.6 ± 0.1 m, 66.5 ± 13.4 kg and 24.9 ± 4.3 kg/m 2 respectively. The total years of experience and total working hours per week was found to be 8.6 ± 8.1 years, 48 ± 4 h respectively. The descriptive information of all respondents is presented in Table 1 .
This study population contains 64.3% (41.4% male and 58.6% female) of exclusive clinical practitioners and 35.7% of those who are both clinical practitioners as well as academicians. Among all, laboratory technicians are the only professionals who are exclusively clinical with respect to their job, whereas all others included both clinicians as well as clinician-cum-academicians. Among all, 68.5% of the participants were married. Only 3.6% of the participants were smokers and 8.6% were alcoholics. Of all, 35% were involved in other types of physical activities like sports, exercises and yoga routinely, whereas only 12.2% take part in recreational activities out of working schedule. In this study population, 61.4% of the participants work in a single-shift duty of 8 h duration, whereas 38.6% work in 3 shifts, the shift duration being 6 h in the morning, 6 h in the evening and 12 h in the night. Most of the participants (77.1%) work in the same station as there is no job rotation, whereas the rest of them (22.9%) have job rotation once in 3 months or biannually as shown. In general, participants in the musculoskeletal complaint group were younger, obese and had lesser years of experience, but more working hours per shift and exclusively clinical. There were no statistically signifi cant differences in terms of smoking, alcoholism and physical/recreational activities between the two groups having MSDs pain and not as shown in Table 2 .
Among all participants, the most common ergonomic hazards reported were prolonged sitting, standing, forward bending of trunk and neck fl exion, whereas lifting, pulling or pushing at work and repetitive and/or forceful work were the least common reported issues. Univariate analysis done to compare ergonomic hazards between participants "with MSDs" and "without MSDs" showed a longer duration of exposure to ergonomic factors for the group "with MSDs," though it was statistically nonsignifi cant. Among those "with MSDs," 83% reported that forward bending of trunk is a major hazard in their workplace, followed by neck fl exion (75%). Even those "without MSDs" reported forward bending of trunk (85%) as a major hazard, followed by prolonged standing (70%) and sitting (60%). Details of all other hazards reported by the participants are shown in Table 3 .
The self-reported ergonomic hazards among different participants indicates that, nurses reported high incidence of all ergonomic hazards followed by physiotherapists and dentists. Laboratory technicians and physicians reported the least for most of the ergonomic hazards.
Analysis of QEC responses indicates that nurses (41.70%) are at the highest level of exposure, followed by physiotherapists (35%) and dentists (22.6%). Physicians and lab technicians are the least exposed, at 4% in their respective workstations. Similarly, postural risk analysis too shows high risk among nurses (44.5%), followed by dentists (51.7%) and physiotherapists (50%). The details of current exposure and risk levels among different participants are shown in Figure 1 . The correlation coeffi cients for fi nal scores of QEC exposure levels and REBA risk levels was = 0.71. The association between exposure and risk was found to be signifi cant as the P < 0.05 (r = 0.71).
About 80% of participants have high exposure levels and are at high risk of developing WMSDs. Among all participants, nurses are the highest exposed (48%) as well as at highest risk (33%), followed by dentists (exposure -24%, risk -33%) and physiotherapists having both exposure and risk at 22%. While both physicians and laboratory technicians have same exposure (3%), the risk among lab technicians is high (7%) as compared to physicians (5%), indicated in Figure 2 .
About half (50.7%) of the participants reported symptoms at least in one part of their bodies over the past 12 months. Among these, low back pain was the highest (45.7%), followed by neck pain (28.5%) and shoulder pain (23.5%). Elbow pain (5%), hip/thigh pain (7.1%) was the least reported among all participants, as shown in Figure 3 . Irrespective of the regions, approximately 56% of nurses complained of body pain in the last 12 months, followed by 55% of physiotherapists, 54% of dentists, 39% of lab technicians and 38% of physicians.
Musculoskeletal pain was complained by 50.7% of all participants, and work-relatedness was found in 26.40% indicating that job factors are major contributors for MSDs. Moreover, work-related pain was found to be high in nurses, dentists and physiotherapists, whereas physicians and laboratory technicians reported nonwork related pain as shown in above Figure 4 .
The correlation coefficients for final REBA Risk scores with complaints of work-related musculoskeletal pain was found to be signifi cant (r = 0.41 and P = 0.002). It indicates that with increase in risk score chance of getting body pain also increases if the person continues to work in the same workstation.
DISCUSSION
From this study, a correlation was found between occupational factors and incidence of WMSDs among the healthcare workers, which indicates that certain healthcare professions are at high ergonomic risk. Though MSDs found to be related to work in 26.4% of the participants is lesser than a previous study among tertiary healthcare workers by Emmanuel et al. [26] which reported workrelatedness at 68.7%, it indicates the seriousness of the problem. The fi nding that low back pain (45.70%) was the predominant complaint, followed by neck pain (28.50%), shoulder pain (23.50%) and knee and ankle pain (20%), shows that low back pain is the prevailing problem in healthcare industry too. The least of complaints were reported at wrist (12%), hip/thigh (7.10%) and elbow (5%), which supports the study results of Emmanuel et al. The gender pattern in the occurrence of WMSDs found in this study is similar to the result of most studies. Many previous studies reported a female predominance in the prevalence of MSDs in both the general population [26, 27] and working population. [15, 28] In this study, it was found that female healthcare professionals have 1.9 times higher risk (odds ratio [OR] = 1.9) for developing MSDs than male healthcare professionals. It was also found that over-weight (OR = 2) and obese (OR = 1.26) professionals have a greater chance of developing WMSDs. But the age group distribution and work experience reveals that younger age group of <30 years, with <5 years of professional experience have a greater chance of developing WMSDs [ Table 2 ], which supports the study fi ndings of Cromie et al., [29] but is opposed to the study by Tinubu et al. [28] It may be due to lack of orientation to the workstation and/or vigorous working style of the youngsters as compared to the older professionals, who are well adapted to the work station and mostly follow safe working principles. Those professionals involved in both clinical as well as academic (operational defi nition) work have 1.1 times higher chance of developing WMSDs when compared to those who are exclusively involved in clinical work. The participants who work in shifts have greater chance of developing WMSDs (OR = 1.08) as compared to those who work in single shift (61.4%), which is similar to the result of a previous study by Shafi ezadeh et al. [30] This study shows that job rotation may protect the worker from the risk of developing WMSDs. The participants who are involved actively in other physical activities have 1.85 times greater chance of developing WMSDs than the others. This is in consistence with previous fi ndings. [29] All the demographic variables in our study was found to be nonsignifi cant for developing WMSDs as P value was not <0.05 in any of those.
Ergonomic hazards such as forward bending of trunk (82.2%), neck fl exion of >20° (71.4%) and prolonged standing/sitting (66%) have signifi cantly contributed to the development of pain in back and neck, among our study participants. The fact that high exposure leads to high risk which in turn will result in higher prevalence of the problem/disorder/disease is proved by the strong association between exposure and risk (r = 0.71), and that between risk and WMSDs (r = 0.41). In addition, the musculoskeletal symptoms were also related to ergonomic hazards as well as job risk factors among healthcare professionals.
The highest incidence of WMSDs was found among nurses (55.5%), followed by physiotherapists (55%), dentists (53.5%), lab technicians (38.7%) and then the physicians (38%). The result of this study is similar to a previous study by Karahan et al. [31] who assessed the prevalence and risk factors for low back pain amongst a variety of Turkish hospital workers including nurses, physicians, physical therapists, technicians, secretaries and hospital aides, in which the highest prevalence was reported by nurses (77.1%). Similarly, the study by Emmanuel et al. found that the highest WMSDs prevailed among nurses (30.4%), followed by doctors and other sub-staff and the study by Bolanle Tinubu et al. [28] found 78% prevalence among Nigerian nurses. Several authors have reported high prevalence of WMSDs among nurses from the developed countries. [32] The major complaint from nurses was hip/thigh pain (60%), followed by ankle/feet (55%) and knees (53%). In the present study, though the most common ergonomic hazards reported by nurses were forward bending of trunk (97.2%), neck fl exion of >20° (83.3%) and prolonged standing for >20 min (80.6%), complaints of neck pain and/or back pain were proportionately less. However, this fi nding is inconsistent with the fi ndings of the study by Bolanle Tinubu et al. [28] Back and neck were the most commonly exposed regions among nurses that accounts for 48% risk of developing WMSDs.
In dentists, prolonged sitting posture (90.3%), neck fl exion of >20° (87.1%), forward bending of trunk (80.6%) and repetitive work (71%) are inherent professional risk factors. Similar to the results obtained from the previous studies, the most frequent MSDs were reported in the shoulder (39.4%) followed by upper back (38.1%), neck region (37.5%) and wrist (29.4%). Also, the fi ndings regarding work position in dentists reported by Kierklo et al. [33] are consistent with our results. The above-reported body region pain correlates well with exposure analysis among dentists (neck region exposure was as high as 45.2%). Even though only 22.6% dentists have higher exposure, the inherent professional ergonomic issue place them at a higher risk of 33% for developing WMSDs.
The present study found that the major ergonomic hazards for physiotherapists are forward bending of trunk (100%), neck fl exion (95%) and prolonged standing (85%), which is consistent with fi ndings of previous studies. [34, 35] It is noteworthy that some of these risk factors are inherent to the job nature of physiotherapy professionals. In the current study, though only 35% of physiotherapists are highly exposed, addition of physically demanding risk factors to this exposure, has resulted in a situation wherein 50% of physiotherapists are at high risk of developing WMSDs. Although it may be possible to adopt strategies that would reduce some of the risks, it would be unrealistic to expect a complete abolition of risk. With respect to the affected body regions, the highest incidence of MSDs is in the elbow (28.6%) and wrist (23.5%), as most of the physiotherapists use manipulative techniques for longer periods and repetitively. This is followed by neck pain (22.5%) and back pain (18.8%) . This is inconsistent with the fi ndings of a previous study conducted by Salik et al. , [34] in which back pain (26%) was the predominant complaint followed by wrist pain (18%). At the same time, it is highly consistent with the fi ndings of another study by Cromie et al. [29] which showed that increased prevalence of wrist/thumb symptoms was associated with the use of mobilization and manipulation techniques.
In the present study, the percentage of laboratory technicians who complained of symptoms was low (21.1%), as compared to those obtained by other authors. However, among the studies focusing on laboratory workers, only Kilroy and Dockrell [35] described the global prevalence of symptoms, but they considered the period of the preceding 3 months as against the period of 12 months in the present study. Among this group, shoulder pain (18.2%) was the chief complaint followed by neck pain (17.5%), back pain (15.6%) and wrist pain (11.8%). The major ergonomic hazards were forward bending of trunk (85.7%) and prolonged sitting/standing posture (64%). As for the results obtained through the ergonomic workplace analysis, there was a predominant association between occurrence of musculoskeletal symptoms and working postures. This group of healthcare professionals are the least exposed (3.60%), and 10.70% of laboratory technicians fall under high risk group. It may not be negligible and can be minimized with proper education of laboratory ergonomics.
Compared to the study by Mehrdad et al., [27] as well as to other studies on healthcare professionals, in the present study, MSDs reported by physicians was much lower (18.3%). Elbow pain (28%), back pain (19%), and shoulder and wrist pain (12%) were the main complaints. The major ergonomic hazards reported were prolonged sitting (80%), neck fl exion of >20° (64%) and repetitive work (52%). This group has a risk of only 8% for developing WMSDs because of lesser exposure and lack of ergonomically hazardous tasks. Overall, the incidence of MSDs among these physicians is similar to that of the general population, which is 18% for low back pain and 7% for neck pain.
CONCLUSION
A high proportion of healthcare professionals reported WMSDs at one or the other body region, low back being the most commonly affected area. The exposure analysis reveals that nurses are the highest exposed professionals followed by physiotherapists and dentists, whereas the lab technicians and physicians were the least exposed. The risk assessment and occurrence of WMSDs also indicate that nurses have the highest risk for developing WMSDs, followed by dentists and physiotherapists, whereas the lab technicians and physicians have not only the least risk for developing WMSDs, but also the lowest incidence of current MSDs pain. Hence this study concludes that among the healthcare professionals assessed in this ergonomic study, nurses were found to be the high risk group, with highest exposure to hazards whereas physicians were found to be the low risk group with minimal exposure in their respective workstations.
The nonprobability sampling method employed in this study prevents the generalization of results. Since the questionnaires on ergonomic hazards used in this study are self-reported, there are chances for subjective bias. Also, the work postures were observed only once for a brief period of about 15 min for each subject, which might give an incorrect risk status.
A better planned long-term study eliminating limitations of the current study and using quantitative analytical tools may give a more accurate estimate of WMSDs and exposure-to-risk levels among healthcare professionals, and thereby a better means to accurately recommend and implement policies and strategies to combat this serious issue of WMSDs among healthcare professionals. The future work may be extended to include other categories of healthcare professionals as well as other professionals involved in healthcare industry who are at high risk for WMSDs like janitors, ward boys, sanitary workers, emergency personnel, etc.
We recommend that education, awareness and training programs on prevention and coping strategies for MSDs be made mandatory for healthcare professionals especially for the high risk groups such as nurses, dentists and physiotherapists in order to reduce the occurrence of WMSDs among them not only for their better health but also, importantly to promote effi ciency in patient care.
An integrated health promotion model should be planned for healthcare professionals.
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